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April 1999 FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG
GLVSODFHPHQW
Zrxwhu M1 ghq Kddq/ Jduh| Udph| dqg Mrho ZdwvrqW
Mdqxdu| 4<<<
Devwudfw1 Wklv sdshu ghyhorsv d wkhruhwlfdo iudphzrun iru dqdo|}lqj frqwudfw0
lqj lpshuihfwlrqv lq orqj0whup hpsor|phqw uhodwlrqvklsv1 Zh irfxv fklh | rq olplwhg
hqirufhdelolw| dqg olplwhg zrunhu oltxlglw|1 Lqh!flhqw vhyhudqfh ri hpsor|phqw uhod0
wlrqvklsv/ sd|phqw ri h!flhqf| zdjhv/ wkh uhodwlyh uhvsrqvhv ri zdjhv dqg hpsor|phqw
wr exvlqhvv f|foh vkrfnv/ dqg wkh sursdjdwlrq ri wkhvh vkrfnv duh olqnhg wr wkh qdwxuh
ri frqwudfwlqj lpshuihfwlrqv1
41 Lqwurgxfwlrq
Prghov ri prudo kd}dug lq oderu uhodwlrqvklsv kdyh suryhq wr eh xvhixo lq h{sodlqlqj d ydulhw|
ri lpsruwdqw pdfurhfrqrplf skhqrphqd1 Wkh h{lvwhqfh ri lqyroxqwdu| xqhpsor|phqw kdv
ehhq olqnhg wr wkh qhhg wr surylgh lqfhqwlyhv iru zrunhuv wr fkrrvh kljk hruw +Vkdslur dqg
Vwljolw} +4<;7,,1 Ixuwkhu/ vlqfh zdjh ohyhov duh lpsruwdqw iru zrunhuv* lqfhqwlyhv/ dgmxvwphqw
ri zdjhv lq uhvsrqvh wr f|folfdo vkrfnv pd| eh vxemhfw wr frqwudfwxdo frqvwudlqwv1 Wklv pd|
khos wr h{sodlq wkh orz revhuyhg yduldelolw| ri dyhudjh zdjhv uhodwlyh wr hpsor|phqw ohyhov
+Gdqwklqh dqg Grqdogvrq +4<<3/4<<8,/ Vwudqg +4<<5,/ PdfOhrg/ Pdofrpvrq dqg Jrpph
+4<<7,,1 Pruh uhfhqwo|/ frqwudfwlqj sureohpv kdyh ehhq wlhg wr lqh!flhqw vhyhudqfh ri hp0
sor|phqw uhodwlrqvklsv/ jlylqj d phfkdqlvp zkhuhe| exvlqhvv f|foh vkrfnv pd| eh pdjqlhg
dqg pdgh pruh shuvlvwhqw +Udph| dqg Zdwvrq +4<<:d,,1
￿Ghq Kddq= Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr/ dqg QEHU1 Udph| dqg Zdwvrq= Xqlyhuvlw| ri Fdoliruqld/
Vdq Glhjr1 Suhsduhg iru wkh Wzhqw|0Vhfrqg Dqqxdo Hfrqrplf Srolf| Frqihuhqfh ri wkh Ihghudo Uhvhuyh Edqn
ri Vw1 Orxlv1 Zh wkdqn Pduw| Hlfkhqedxp dqg Ere Kdoo iru khosixo frqyhuvdwlrqv1 Udph| dqg Zdwvrq
wkdqn wkh QVI iru qdqfldo vxssruw xqghu judqw VEU0<98;9;1
4FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 5
Wklv sdshu irfxvhv rq wkh frqwudfw0wkhruhwlf xqghuslqqlqjv ri zdjh dgmxvwphqw dqg
zrunhu glvsodfhphqw lq prudo kd}dug prghov ri wkh oderu pdunhw1 Wkh nh| dvvxpswlrq
wkurxjkrxw lv wkdw upv dqg zrunhuv pdlqwdlq orqj0whup uhodwlrqvklsv/ zkhuhe| d sduwlfxodu
up dqg zrunhu wudqvdfw uhshdwhgo| xqwlo wkhlu uhodwlrqvkls lv vhyhuhg1 Zh rhu d xql0
hg wkhruhwlfdo iudphzrun wkdw kljkoljkwv wzr w|shv ri frqwudfwlqj lpshuihfwlrqv lq oderu
uhodwlrqvklsv1 Iluvw/ uhodwlrqvklsv pd| eh vxemhfw wr olplwhg yhuldelolw|/ zkhuhe| h{whuqdo
hqirufhphqw dxwkrulwlhv duh xqdeoh wr frqglwlrq sd|phqwv rq wkh ixoo vhw ri dfwlrqv fkrvhq e|
wkh frqwudfwlqj sduwqhuv1 Iru h{dpsoh/ wkh dxwkrulwlhv pd| eh xqdeoh wr dvfhuwdlq zkhwkhu
vhyhudqfh ri wkh uhodwlrqvkls zdv gxh wr wkh zrunhu*v dfwlrq ru wkh up*v dfwlrq1 Vhfrqg/
ghvludeoh frqwudfwv pd| eh lqihdvleoh gxh wr olplwhg oltxlglw| rq wkh sduw ri wkh zrunhu/ zklfk
suhyhqwv wkh zrunhu iurp pdnlqj sd|phqwv wr wkh up14
Zh ghprqvwudwh wkdw sulydwho| lqh!flhqw euhdngrzq ri uhodwlrqvklsv pd| rffxu lq wkh
suhvhqfh ri olplwhg yhuldelolw|/ l1h1 olplwhg yhuldelolw| ohdgv frqwudfwv wr eh iudjloh1W k hn h |
srlqw lv wkdw zkhq d qhjdwlyh vkrfn klwv/ wkh mrlqw uhwxuqv wr frrshudwlrq pd| eh lqvx!flhqw
wr rvhw wkh up dqg zrunhu*v froohfwlyh lqgxfhphqwv wr ehkdyh glvkrqhvwo|/ vr wkhuh lv qr
zd| wr vshfli| wudqvihuv ehwzhhq wkh up dqg zrunhu wkdw fdq suhvhuyh wkh uhodwlrqvkls1
Rxu iudphzrun doorzv iru d pruh suhflvh dqdo|vlv ri wkh uroh ri zdjh suhpld lq vroylqj
oderu frqwudfwlqj sureohpv1 Zh vd| wkdw d zrunhu rewdlqv dq h!flhqf| zdjh zkhq/ lq
frqwudfw qhjrwldwlrq/ wkh up dqg zrunhu pxvw zhljk uhgxflqj wkh zrunhu*v frpshqvdwlrq
djdlqvw prwlydwlqj hruw1 Zh ghprqvwudwh wkdw/ lq wkh devhqfh ri oltxlglw| frqvwudlqwv/
hruw lqfhqwlyhv duh gulyhq vroho| e| yhuldelolw|/ edujdlqlqj srzhu/ dqg wkh vwdwh ri wkh
pdwfklqj pdunhw1 Wkh zrunhu*v frpshqvdwlrq lq d shulrg fdq eh vhohfwhg lqghshqghqwo| ri
4Rxu dqdo|vlv rplwv vrph rwkhu dvshfwv ri oderu frqwudfwv wkdw kdyh ehhq frqvlghuhg lq wkh olwhudwxuh1
Iluvw/ zh dvvxph ulvn0qhxwudo zrunhuv/ vr zdjh sd|phqwv gr qrw sod| dq| lqvxudqfh uroh/ lq frqwudvw wr
lpsolflw frqwudfw prghov1 Vhfrqg/ uhqhjrwldwlrq ri zdjh frqwudfwv lv doorzhg/ phdqlqj wkdw lqh!flhqw
vhyhudqfh fdqqrw rffxu dv d frqvhtxhqfh ri idloxuh wr uhqhjrwldwh1 Lpsolflw frqwudfw prghov duh vxuyh|hg lq
Urphu +4<<9/ fk1 43,> vhh Erogulq dqg Kruydwk +4<<8, iru d uhfhqw hpslulfdo lpsohphqwdwlrq1 Vxssuhvvlrq
ri uhqhjrwdwlrq dv d fdxvh ri glvsodfhphqw lv frqvlghuhg lq Kdvklprwr dqg \x +4<;3, dqg Kdoo dqg Od}hdu
+4<;7,1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 6
wkhvh idfwruv/ dqg wkxv/ lq d suhflvh vhqvh/ h!flhqf| zdjhv sod| qr uroh lq khoslqj wr suhvhuyh
uhodwlrqvklsv1 Zkhq wkh zrunhu lv oltxlglw| frqvwudlqhg/ krzhyhu/ wkh lqfhqwlyh frqvwudlqw
pd| elqg dw wkh wlph ri frqwudfw qhjrwldwlrq/ dv d frqvhtxhqfh ri wkh zrunhu*v lqdelolw| wr
pdnh sd|phqwv wr wkh up wkdw zrxog lpsohphqw wkh xqfrqvwudlqhg edujdlqlqj rxwfrph1
Wkxv/ h!flhqf| zdjhv pd| hphujh dv dgghg uhvwulfwlrqv rq zdjh dgmxvwphqw zkhq zrunhuv
duh oltxlglw| frqvwudlqhg1
Wr dqdo|}h krz frqwudfwlqj lpshuihfwlrqv dhfw pdunhw rxwfrphv/ zh srvlw wkdw uhod0
wlrqvklsv duh iruphg rq d pdwfklqj pdunhw/ dv lq Slvvdulghv +4<;8, dqg Pruwhqvhq dqg
Slvvdulghv +4<<7,1 Zh frqvlghu dq h{dpsoh lq zklfk d olplwhg oltxlglw| vshflfdwlrq zlwk
h!flhqf| zdjhv exw qr iudjlolw| lv frqwudvwhg zlwk d olplwhg yhuldelolw| vshflfdwlrq wkdw
lv vxemhfw wr iudjlolw|1 Lq uhvsrqvh wr d shupdqhqw vkrfn wr wkh glvwulexwlrq ri surgxfwly0
lw|/ wkh suhvhqfh ri olplwhg oltxlglw| grhv vhuyh wr gdpshq zdjh dgmxvwphqw/ uhodwlyh wr d
frpsohwh0frqwudfwlqj ehqfkpdun1 Krzhyhu/ wkh gdpshqlqj lv pxfk pruh surqrxqfhg lq
wkh olplwhg yhuldelolw| fdvh/ dv wkh vhyhudqfh ri orz0surgxfwlylw| uhodwlrqvklsv juhdwo| uh0
gxfhv wkh vhqvlwlylw| ri dyhudjh zdjhv wr wkh vkrfn1 Pruhryhu/ wkh hhfw ri wkh vkrfn rq
wrwdo hpsor|phqw lv juhdwo| pdjqlhg dv d frqvhtxhqfh ri iudjlolw|1 Rxu h{dpsoh looxvwudwhv
krz prghov wkdw hpskdvl}h glvsodfhphqw pd| eh pxfk pruh srwhqw iru h{sodlqlqj zdjh
dgmxvwphqw dqg sursdjdwlrq ri vkrfnv wkdq prghov vwuhvvlqj zdjh hhfwv zlwklq d jlyhq
hpsor|phqw frqwudfw1
Wkh iudphzrun suhvhqwhg lq wklv sdshu exlogv forvho| rq wkh frqwudfwlqj prgho ri Udph|
dqg Zdwvrq +4<<:d,> wkh suhvhqw sdshu dgguhvvhv d zlghu udqjh ri srvvlelolwlhv iru lpshuihfw
yhuldelolw|/ lqfrusrudwhv zdjh ghwhuplqdwlrq dqg oltxlglw| frqvwudlqwv/ dqg frqvlghuv dgmxvw0
phqw ri dyhudjh zdjhv lq pdunhw htxloleulxp1 Rxu iudphzrun lv dovr uhodwhg wr wkh zrun ri
PdfOhrg dqg Pdofrpvrq +4<;</4<<6/4<<;,/ zkr dovr ghyhors d uljrurxv prgho iru vwxg|lqj
hpsor|phqw uhodwlrqvklsv1 PdfOhrg dqg Pdofrpvrq irfxv rq wkh wlplqj dqg hqirufhphqw
ri frpshqvdwlrq/ xvlqj d prgho lq zklfk sduwlhv fdq pdnh erwk h{whuqdoo|0hqirufhg dqg glv0
fuhwlrqdu| wudqvihuv1 Wzr frqwudfwxdo irupv duh hpskdvl}hg= h!flhqf| zdjhv +zklfk wkh|
ghqh dv wkh xvh ri kljk zdjhv zlwk wkh wkuhdw ri vhyhudqfh, dqg shuirupdqfh sd| +ghqhgFRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 7
e| wkh xvh ri glvfuhwlrqdu| erqxvhv,1 Wkh| ghprqvwudwh krz wkh irup ri frpshqvdwlrq
ghshqgv rq oderu pdunhw frqglwlrqv dqg htxloleulxp eholhiv/ lqwhusuhwlqj wkh odwwhu dv d vr0
fldo qrup iru d idlu zdjh1 Rxu zrun/ rq wkh rwkhu kdqg/ dgguhvvhv +4, d eurdghu udqjh ri
frqwudfwlqj vhwwlqjv/ lqfoxglqj glhuhqw uhvwulfwlrqv shuwdlqlqj wr yhuldelolw| dqg oltxlglw|>
+5, lqh!flhqw vhyhudqfh ri uhodwlrqvklsv iroorzlqj vkrfnv> dqg +6, lvvxhv ri sursdjdwlrq lq
wkh pdfurhfrqrp|1 Zh dovr wdnh d glhuhqw dssurdfk wr prgholqj frqwudfw ghwhuplqdwlrq/
zkhuhe| qhjrwldwlrq +dqg uhqhjrwldwlrq, ehwzhhq zrunhuv dqg upv lv gluhfwo| lqfrusrudwhg15
Rq wkh lvvxh ri frqwudfwxdo irup/ zh rewdlq uhvxowv glhuhqw iurp wkrvh ri PdfOhrg dqg Pdo0
frpvrq1
Wkh edvlf prgho ri dq hpsor|phqw uhodwlrqvkls lv lqwurgxfhg lq Vhfwlrq 51 Vhfwlrq 6
frqvlghuv hqirufhphqw xqghu ydulrxv frqwudfwlqj hqylurqphqwv/ zklfk glhu lq whupv ri zkdw
fdq eh yhulhg wr d wklug sduw|1 Vhfwlrq 7 glvfxvvhv h!flhqf| zdjhv dqg olplwhg oltxlglw|1
Pdunhw rxwfrphv ghulyhg iurp d pdwfklqj vhwxs duh vwxglhg lq Vhfwlrq 8/ dqg Vhfwlrq 9
frqfoxghv1
51 Prgho
5141 Hpsor|phqw Uhodwlrqvklsv1 Hpsor|phqw uhodwlrqvklsv frqvlvw ri rqh zrunhu dqg
rqh up zkr lqwhudfw lq shulrgv | ' c2c xqwlo wkhlu uhodwlrqvkls lv vhyhuhg1 Wkh up lv
uhsuhvhqwhg e| d pdqdjhu1 Erwk wkh zrunhu dqg pdqdjhu pdnh d sulydwh hruw fkrlfh
+kljk ru orz, wkdw frqwulexwhv wr surgxfwlrq1 Lq dgglwlrq/ wkhvh sduwlhv qhjrwldwh d frqwudfw
vshfli|lqj wudqvihuv dv d ixqfwlrq ri yhuldeoh lqirupdwlrq1 Li erwk djhqwv h{huw kljk hruw
gxulqj surgxfwlrq/ wkhq wkh frrshudwlyh rxwsxw ohyho 5| lv uhdol}hg1 Zh dvvxph wkdw 5| ydulhv
udqgrpo| dfurvv shulrgv/ wdnlqj wkh ydoxh 5C lq wkh jrrg surgxfwlrq vwdwh dqg 5￿ lq wkh
edg vwdwh/ zlwk 5C :5 ￿ : f1 Iru vlpsolflw|/ 5| lv dvvxphg wr eh uhdol}hg lqghshqghqwo|
lq hdfk shulrg/ zlwk 4 ghqrwlqj wkh suredelolw| wkdw 5| ' 5￿1
Wkh uhdol}dwlrq ri 5|/ frqwudfwlqj/ dqg hruw fkrlfhv zlwklq d shulrg rffxu lq wkuhh skdvhv/
dv looxvwudwhg lq Iljxuh 41 Lq skdvh 4/ wkh zrunhu dqg pdqdjhu revhuyh wkh uhdol}hg ydoxh ri 5|
5Rqh frpsrqhqw ri rxu wkhru| lv wkh ylhz wkdw glvfuhwlrqdu| wudqvihuv duh vxemhfw wr uhqhjrwldwlrq1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 8
iru wkdw shulrg/ dqg wkhq wkh| qhjrwldwh d frqwudfw wkdw jryhuqv fxuuhqw0shulrg lqwhudfwlrq1
Li wkh| uhdfk dq djuhhphqw/ wkh frqwudfw vshflhv zklfk ghflvlrqv wkh djhqwv zloo pdnh
lq vxevhtxhqw skdvhv/ dv zhoo dv d suroh ri frqwlqjhqw sd|phqwv1 Glvdjuhhphqw ohdgv wr
vhyhudqfh ri wkh uhodwlrqvkls/ zlwk wkh zrunhu dqg pdqdjhu rewdlqlqj rxwvlgh rswlrq ydoxhv ri
K￿n￿ dqg K6n6/ uhvshfwlyho|1 Wkh sdudphwhuv K￿ uh hfw fxuuhqw0shulrg ehqhwv uhfhlyhg
zkhq wkh uhodwlrqvkls lv vhyhuhg lq skdvh 4 +h1j1 wkh zrunhu pd| rewdlq xqhpsor|phqw
ehqhwv,/ zkloh wkh sdudphwhuv ￿ lqglfdwh wkh glvfrxqwhg ydoxhv ri ixwxuh ehqhwv/ zklfk
pd| lqfoxgh uhwxuqv iurp qhz uhodwlrqvklsv iruphg lq wkh ixwxuh1 Vhyhudqfh dv d uhvxow ri
glvdjuhhphqw zloo eh uhihuuhg wr dv rxwfrph (1 Ixuwkhu ghwdlov ri wkh frqwudfw qhjrwldwlrq
duh glvfxvvhg ehorz1
Wkh pdqdjhu pdnhv klv hruw fkrlfh lq skdvh 51 Orz hruw ohdgv wr rxwfrph /z k h u h
wkh pdqdjhu rewdlqv d fxuuhqw0shulrg sulydwh ehqhw ri %6/ zkloh wkh zrunhu uhfhlyhv qr
ehqhw1 Zrunhu hruw lv vhohfwhg lq skdvh 6> wkhuh/ orz hruw ohdgv wr rxwfrph /l qz k l f k
wkh zrunhu uhfhlyhv d fxuuhqw0shulrg sulydwh ehqhw ri %￿ dqg wkh pdqdjhu rewdlqv }hur1
Xqghu hlwkhu orz0hruw rxwfrph/ rxwsxw lv }hur dqg wkh uhodwlrqvkls lv vhyhuhg dw wkh hqg ri
wkh shulrg1 Rq wkh rwkhu kdqg/ kljk hruw e| erwk djhqwv lqgxfhv wkh frrshudwlyh rxwfrph
/ lq zklfk fdvh rxwsxw lv 5| dqg wkh uhodwlrqvkls frqwlqxhv lqwr wkh qh{w shulrg1 Wkh
pdqdjhu lv dvvxphg wr dssursuldwh wkh rxwsxw1
Zh dvvxph %￿ :K ￿ iru erwk / phdqlqj wkdw hlwkhu djhqw jdlqv pruh lq wkh fxuuhqw
shulrg iurp vwd|lqj lq wkh uhodwlrqvkls dqg sxwwlqj rxw orz hruw wkdq iurp ohdylqj wkh
uhodwlrqvkls lq skdvh 41 Revhuyh krzhyhu wkdw zkhq dq djhqw fkrrvhv orz hruw/ klv sduwqhu
irujrhv wkh rssruwxqlw| wr rewdlq K￿1Z hd o v rd v v x p hw k d w%￿ 	K ￿ nK6/ phdqlqj wkh djhqwv
zloo qhyhu djuhh lq skdvh 4 wr lqgxfh rxwfrphv  ru 1 Lqwhusuhwdwlrqv iru rxu dvvxpswlrqv
duh glvfxvvhg ehorz1
Zh qrz frpsxwh wkh ydoxh ri wkh uhodwlrqvkls xqghu ydulrxv srvvleoh rxwfrphv1 Iluvw/ lw
pd| eh wkdw kljk hruw lv fkrvhq xqghu erwk 5C dqg 5￿ lq hyhu| shulrg/ lq zklfk fdvh wkh
uhodwlrqvkls qhyhu euhdnv xs1 Lq wklv urexvw vroxwlrq/ wkh glvfrxqwhg ixwxuh ydoxh ri wkh
uhodwlrqvkls lv jlyhq e|=FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 9
}
- '
qEE  45C n 45￿
  q
c
zkhuh q lv wkh djhqwv* frpprq glvfrxqw idfwru1 Vhfrqg/ kljk hruw pd| eh vhohfwhg zkhq 5C
lv uhdol}hg/ exw wkh djhqwv pljkw djuhh wr vhyhu wkh uhodwlrqvkls xqghu 5￿1 Lq wklv iudjloh
vroxwlrq/ lq hdfk shulrg wkh uhodwlrqvkls euhdnv xs zlwk suredelolw| 41 Wkh glvfrxqwhg ixwxuh
ydoxh ri wkh uhodwlrqvkls lq wklv fdvh vdwlvhv
}
8 ' qdE  4E5
C n }
8n4EK n oc
zkhuh K ' K￿ n K6 dqg  ' ￿ n 61 Vroylqj iru }8 |lhogv
}
8 '
qE  45C n 4qEK n 
  E  4q

Ilqdoo|/ wkh djhqwv pd| djuhh wr vhyhu wkh uhodwlrqvkls xqghu erwk 5C dqg 5￿/ vr wkdw wkh
uhodwlrqvkls euhdnv xs lq shulrg 4/ kdylqj ydoxh K n 1






zkhuh % ' %￿ n %61 Wkh uvw lqhtxdolw| lq +4, lpsolhv wkdw wkh djhqwv suhihu wkh urexvw
rxwfrph xqghu hlwkhu surgxfwlrq vwdwh/ vr wkdw wkh urexvw rxwfrph lv h!flhqw1 Wkh uhpdlqlqj
wzr lqhtxdolwlhv zloo ghwhuplqh wkh frqglwlrqv xqghu zklfk wkh djhqwv fdq qg d frqwudfw
wkdw vxssruwv wkh urexvw dqg iudjloh vroxwlrqv/ dv glvfxvvhg ehorz1
5151 Frqwudfwlqj1 Dw wkh vwduw ri hdfk shulrg/ wkh zrunhu dqg pdqdjhu qhjrwldwh d
vkruw0whup frqwudfw wkdw vshflhv sd|phqwv iurp wkh pdqdjhu wr wkh zrunhu frqglwlrqdo rq
wkh surgxfwlylw| ohyho 5&/ & ' Cc/ dqg rq wkh rxwfrph ri surgxfwlyh lqwhudfwlrq +/
ru ,1 Wkh vhw ri ihdvleoh frqwudfwv lv jhqhudoo| frqvwudlqhg e| wkh olplwv ri wkh h{whuqdo
hqirufhphqw lqvwlwxwlrq1 Sd|phqwv pljkw dovr eh vxemhfw wr oltxlglw| frqvwudlqwv1 Ohw r&
￿
ghqrwh wkh sd|phqw pdgh wr wkh zrunhu lq wkh hyhqw wkdw rxwfrph  lv uhdol}hg/ xqghu
surgxfwlylw| ohyho 5&/ & ' Cc1 Vlqfh wkh pdqdjhu gluhfwo| dssursuldwhv 5& zkhq rxwfrphFRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW :
 lv uhdfkhg/ klv fxuuhqw0shulrg sd|r lq wklv fdvh lv 5&  r&
￿/ zkloh wkh zrunhu rewdlqv
r&
￿1 Wudqvihuv frqglwlrqhg rq rxwfrphv  dqg  zloo eh zulwwhq r￿ dqg r￿/ uhvshfwlyho|>
wkhvh wudqvihuv zloo qrw qhhg wr ghshqg rq &1 Lq dgglwlrq/ wkh djhqwv pd| djuhh rq xs0iurqw
wudqvihuv r&
f/ pdgh dw wkh wlph ri frqwudfwlqj lq skdvh 41 Zh dgrsw wkh frqyhqwlrq wkdw
qhjdwlyh ydoxhv ri r&
￿/ r￿/ r￿ dqg r&
f ghqrwh wudqvihuv iurp wkh zrunhu wr wkh pdqdjhu1
Wkh zrunhu dqg pdqdjhu dovr irupxodwh d mrlqw sodq iru krz wkh| zloo ehkdyh lq wkh
ixwxuh/ zklfk |lhogv dq h{shfwhg frqwlqxdwlrq ydoxh }1 Iru h{dpsoh/ li wkh djhqwv lqwhqg wr
lpsohphqw d urexvw vroxwlrq/ wkhq } ' }-1 Zh orrn iru d vshflfdwlrq ri ehkdylru/ frqvlvwlqj
ri h{solflw frqwudfwv dqg lqglylgxdo dfwlrqv ryhu wlph/ wkdw vdwlvhv irxu frqglwlrqv1 Iluvw/
djhqwv* h{shfwdwlrqv derxw } dffxudwho| uh hfw wkh ydoxh ri frqwlqxlqj wkh uhodwlrqvkls1
Vhfrqg/ lq hdfk shulrg/ djhqwv pdnh wkhlu hruw fkrlfhv lq d xwlolw|0pd{lpl}lqj pdqqhu/
jlyhq } dqg wkh ydoxhv ri wudqvihuv djuhhg wr xqghu wkh frqwudfw1 Wklug/ vkruw0whup frqwudfw
qhjrwldwlrq lv uhvroyhg dffruglqj wr wkh Qdvk edujdlqlqj vroxwlrq1 Khuh wkh djhqwv uhfrjql}h
wkdw wkh| duh lpsolflwo| edujdlqlqj ryhu wkh wrwdo ydoxh ri wkh uhodwlrqvkls/ zklfk lv wkh vxp ri
fxuuhqw0shulrg uhwxuqv dqg wkh frqwlqxdwlrq ydoxh } +dvvxplqj wkh djhqwv duh deoh wr pdlqwdlq
wkh uhodwlrqvkls lqwr wkh qh{w shulrg,1 Wkh zrunhu*v dqg pdqdjhu*v edujdlqlqj zhljkwv duh/
uhvshfwlyho|/ Z￿ dqg Z6/ dqg wkh glvdjuhhphqw srlqw lv rxwfrph (1 Wkh sdudphwhuv Z￿ dqg
Z6 duh qrqqhjdwlyh dqg vdwlvi| Z￿ n Z6 ' 1 Irxuwk/ wkh ehvw htxloleulxp vdwlvi|lqj wkh
uvw wkuhh frqglwlrqv lv vhohfwhg e| wkh up dqg zrunhu16 Lq oljkw ri dvvxpswlrq +4,/ wkh up
dqg zrunhu zloo fkrvh wkh urexvw vroxwlrq li lw fdq eh vxssruwhg1 Qh{w lq olqh lv wkh iudjloh
vroxwlrq/ iroorzhg e| lpphgldwh vhyhudqfh1
6Wkh uvw wkuhh surshuwlhv ghqh d qhjrwldwlrq htxloleulxp/ zklfk lv vlpso| d vshflfdwlrq ri ehkdylru
frqvlvwhqw zlwk sulydwh lqfhqwlyhv dqg wkh Qdvk edujdlqlqj vroxwlrq1 Wkh irxuwk surshuw| lpsolhv wkdw/ dw
wkh phwd0ohyho ri qhjrwldwlqj ryhu htxloleuld/ wkh up dqg zrunhu vhohfw wkh htxloleulxp wkdw pd{lpl}hv wkhlu
mrlqw uhwxuqv1 Iru h{dpsoh/ li wkh| frxog vxvwdlq erwk wkh ydoxhv jU dqg jI/ wkhq wkh| duh dvvxphg wr vhohfw
wkh suhihuuhg sodq |lhoglqj jU1 Lq rxu iudphzrun/ wkhuh zloo dozd|v eh dq htxloleulxp wkdw lv pd{lpdo lq
hyhu| shulrg1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW ;
5161 Lqwhusuhwdwlrq1 Hruw fkrlfhv dqg xqhpsor|phqw ehqhwv1 Rxu prgho ri hpsor|0
phqw uhodwlrqvklsv doorzv iru hruw fkrlfhv e| erwk zrunhuv dqg pdqdjhuldo shuvrqqho zkr
vxshuylvh zrunhuv1 Wkhvh fkrlfhv fdq eh lqwhusuhwhg lq d qxpehu ri zd|v1 Wkh prvw idploldu
lqwhusuhwdwlrq lqyroyhv shuvrqdo h{huwlrq/ dqg khuh zh dxjphqw wkh xvxdo vklunlqj prgho e|
vshfli|lqj wkdw/ lq dgglwlrq wr zrunhu hruw/ pdqdjhuldo hruw lv dovr lpsruwdqw iru surgxf0
wlrq1 Ixuwkhu/ orz hruw pd| dovr hqwdlo dfwlylwlhv wkdw duh gluhfwo| kdupixo wr surgxfwlrq/
vxfk dv wkhiw1
Dq djhqw rewdlqv d fxuuhqw0shulrg sulydwh ehqhw zkhq kh fkrrvhv orz hruw1 Dowhuqd0
wlyho|/ wkh djhqwv fdq djuhh wr glvvroyh wkhlu uhodwlrqvkls dw wkh vwduw ri wkh shulrg/ dqg rewdlq
fxuuhqw0shulrg ehqhwv rxwvlgh ri wkh uhodwlrqvkls1 D nh| dvvxpswlrq ri rxu prgho lv wkdw
wkhvh xqhpsor|phqw ehqhwv ehfrph xqdydlodeoh rqfh djhqwv kdyh djuhhg wr d frqwudfw dqg
surfhhghg wr skdvh 5/ l1h1 wkh djhqwv pxvw pdnh d frpplwphqw wr surgxfwlrq dfwlylwlhv wkdw
uxoh rxw rxwvlgh ehqhwv lq wkh fxuuhqw shulrg1 Zh kdyh dovr dvvxphg wkdw orz hruw frqyh|v
d odujhu sulydwh ehqhw wkdq grhv xqhpsor|phqw +wklv lv wkh dvvxpswlrq %￿ :K ￿/  ' c6,1
Wkh prvw gluhfw zd| wr lqwhusuhw wklv dvvxpswlrq lv wkdw hpsor|phqw uhodwlrqvklsv frqyh|
shunv wkdw duh wkhpvhoyhv dwwudfwlyh/ dsduw iurp shuvrqdo frvwv dvvrfldwhg zlwk kljk hruw1
Ixuwkhu/ xqhpsor|phqw pd| lqyroyh sulydwh frvwv/ vxfk dv sv|fklf kdup dqg vhdufk frvwv/
wkdw duh qrw lqfxuuhg zlwklq dfwlyh uhodwlrqvklsv1 Qrwh wkdw sulydwh ehqhwv duh }hur iru
djhqwv lq d uhodwlrqvkls zkr h{huw kljk hruw/ zklfk vhuyhv wr qrupdol}h xwlolw|17
Orz hruw dqg vhyhudqfh1 Zh kdyh dvvxphg wkdw orz hruw e| hlwkhu wkh zrunhu ru
pdqdjhu ohdgv wkh hpsor|phqw uhodwlrqvkls wr eh vhyhuhg1 Wkhuh duh wzr edvlf prwlydwlrqv
iru wklv dvvxpswlrq1 Iluvw/ orz hruw pd| lqgxfh udslg ghfd| lq wkh surgxfwlylw| ri wkh
uhodwlrqvkls/ wr wkh srlqw zkhuh uhwxuqv wr frqwlqxdwlrq idoo vkruw ri rshudwlqj frvwv1 Iru
wkh pdqdjhu/ orz hruw pljkw dovr eh gluhfwo| wlhg wr oltxlgdwlrq/ h1j1 wkh pdqdjhu pd| vhoo
7Rxu vhwxs dgplwv wkh vwdqgdug vklunlqj prgho/ lq zklfk upv ehkdyh pruh sdvvlyho|1 Wkh vwdqgdug
prgho lv rewdlqhg e| vhwwlqj ep @ {p @3 / vr wkdw wkh pdqdjhu rewdlqv qhlwkhu xqhpsor|phqw ehqhwv
qru ehqhwv iurp orz hruw1 Lq wklv fdvh/ wkh pdqdjhu*v lqfhqwlyh wr djuhh wr wkh frqwudfw dw skdvh 4 duh
lghqwlfdo wr lwv lqfhqwlyh wr fkrrvh kljk hruw dw skdvh 5/ vr lq hhfw wkh pdqdjhu grhv qrw pdnh dq hruw
fkrlfh1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW <
r hvvhqwldo dvvhwv1 Vhfrqg/ frqwudfwxdo hqirufhphqw phfkdqlvpv xvhg e| wkh sduwqhuv wr
vxvwdlq frrshudwlrq pd| hqwdlo d frvwo| dqg wlph0frqvxplqj glvsxwh uhvroxwlrq surfhvv lq
wkh hyhqw wkdw hlwkhu djhqw fkrrvhv orz hruw> vhh Udph| dqg Zdwvrq +4<<:e, iru d ghwdlohg
glvfxvvlrq ri vxfk phfkdqlvpv1 Zkhq glvsxwh uhvroxwlrq frvwv duh vx!flhqwo| kljk/ wkh
zrunhu dqg pdqdjhu zloo rsw wr vhyhu wkhlu uhodwlrqvkls lqvwhdg1
Dv dqrwkhu srvvlelolw| iru frqwudfwxdo djuhhphqw/ wkh djhqwv pljkw vhhn wr whpsrudulo|
vxvshqg wkhlu uhodwlrqvkls zkhq kljk hruw lv xqvxvwdlqdeoh/ h1j1 wkurxjk d od|r/ lq rughu
wr suhvhuyh pdwfk fdslwdo1 Vxfk vxvshqvlrqv zloo eh lqihdvleoh/ krzhyhu/ li uhwxuqv iurp wkh
uhodwlrqvkls zrxog h{shulhqfh udslg ghwhulrudwlrq lq wkh devhqfh ri dfwlyh lqsxwv ri hruw1
Iru h{dpsoh/ surgxfwlrq htxlsphqw ru rujdql}dwlrq pd| ghsuhfldwh gxulqj wkh vxvshqvlrq/
ru pdunhw grplqdqfh pd| eh shupdqhqwo| orvw1 Ixuwkhu/ dv zloo ehfrph fohduhu ehorz/
frqwudfwv wkdw vxssruw whpsrudu| vxvshqvlrq zloo eh lqihdvleoh li d wklug sduw| hqirufhphqw
dxwkrulw| lv xqdeoh wr whoo zkhwkhu ru qrw vxvshqvlrq uhvxowhg iurp d euhdfk ri frqwudfw e|
rqh ri wkh sduwlhv1
Zkloh vhyhudqfh iroorzlqj orz hruw lv wdnhq dv wkh ehqfkpdun fdvh/ wkh prgho fdq
dovr fryhu vlwxdwlrqv lq zklfk whpsrudu| vxvshqvlrq lv ihdvleoh1 Wklv lv grqh e| vhwwlqj
￿ ' }￿  k￿/  ' c6/z k h u h}￿ dqg }6 jlyh wkh glvfrxqwhg ydoxhv wr wkh zrunhu dqg
pdqdjhu/ uhvshfwlyho|/ ri frqwlqxlqj wkh uhodwlrqvkls lqwr wkh qh{w shulrg/ dqg k6 dqg k￿
duh wkh frvwv ri pdlqwdlqlqj wkh uhodwlrqvkls zkloh qrw surgxflqj1
Frqwudfwhg wudqvihu sd|phqwv1 Wkh prgho doorzv iru frqwudfwv vshfli|lqj dq xs0iurqw
wudqvihu wr wkh zrunhu/ r&
f/ dv zhoo dv d wudqvihu wkdw lv pdgh frqglwlrqdo rq fkrlfhv ri kljk
hruw e| erwk djhqwv/ r&
￿1 Wkh iruphu fdq eh lqwhusuhwhg dv d vdodu|/ lq wkdw lw lv sdlg
lq uhwxuq iru wkh zrunhu*v frpplwphqw wr irujr klv xqhpsor|phqw ehqhw dqg frpplw wr
surgxfwlrq dfwlylwlhv iru vrph lqwhuydo ri wlph/ zkloh wkh odwwhu uhsuhvhqwv d shuirupdqfh
sd|phqw/ uhfhlyhg rqo| diwhu wkh vxffhvvixo frpsohwlrq ri surgxfwlrq18 Wkh wudqvihuv r￿ dqg
8PdfOhrg dqg Pdofrpvrq*v +4<;</4<<6/4<<;, erqxv sd|phqw lv olnh vn
F/ dowkrxjk wkh| dvvxph lw lv
glvfuhwlrqdu|1 Lq rxu iudphzrun/ upv zrxog qhyhu pdnh glvfuhwlrqdu| wudqvihuv iroorzlqj surgxfwlrq/ dqg
vr rqo| zkdw lv hqirufhdeoh pdwwhuv1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 43
r￿ duh xvhg wr lpsrvh gluhfw sxqlvkphqwv iru orz hruw/ dqg fdq eh lqwhusuhwhg dv gdpdjhv
vwlsxodwhg e| wkh frqwudfw iru qrqshuirupdqfh/ ru shqdowlhv lpsrvhg e| dq h{whuqdo ohjdo ru
uhjxodwru| dxwkrulw|1
Frqwudfw gxudwlrq1 Zh kdyh dvvxphg wkdw djhqwv fdq rqo| zulwh vkruw0whup frqwudfwv/
vshfli|lqj wudqvihuv wkdw duh hqirufhdeoh zlwklq wkh fxuuhqw shulrg1 Lq wklv frqwudfwlqj hqyl0
urqphqw/ wkh wudqvihuv r￿ dqg r￿ fdq eh wkrxjkw ri dv vhyhudqfh sd|phqwv +lq dgglwlrq wr
sxqlvkphqwv,/ vlqfh wkh uhodwlrqvkls lv glvvroyhg iroorzlqj orz hruw1 Qrwh wkdw djhqwv duh
iuhh wr vhyhu wkhlu uhodwlrqvkls iroorzlqj rxwfrph / exw vxfk d ghflvlrq lv pdgh lq skdvh 4 ri
wkh qh{w shulrg/ diwhu wkh fxuuhqw frqwudfw h{sluhv1 Wkxv/ e| vkruw0whup frqwudfw zh phdq
wkdw wkh djhqwv fdqqrw vwlsxodwh wr wudqvihuv frqglwlrqdo rq zkhwkhu wkh| uhdfk djuhhphqw
lq wkh qhjrwldwlrq skdvh ri wkh qh{w shulrg19
61 H{whuqdo Hqirufhphqw dqg Yhulildelolw|
6141 Ixoo Yhuldelolw|1 Wkh djhqwv* delolw| wr qg d frqwudfw wkdw vxssruwv wkh urexvw
vroxwlrq zloo ghshqg rq zkhwkhu wkh| duh deoh wr hqirufh wkh qhhghg frqwlqjhqw wudqvihu
sd|phqwv1 Wklv lq wxuq ghshqgv rq zkdw h{whuqdo hqirufhphqw dxwkrulwlhv fdq revhuyh
derxw wkh fxuuhqw0shulrg hruw fkrlfhv1 Zh ehjlq e| frqvlghulqj wkh fdvh ri ixoo yhuldelolw|/
lq zklfk wkh h{whuqdo dxwkrulw| fdq shuihfwo| revhuyh zklfk ri wkh rxwfrphv /  ru  lv
uhdol}hg1 Lq wklv fdvh/ wkh urexvw vroxwlrq lv vxssruwhg/ dqg wkhuhiruh lw lv vhohfwhg e| wkh
djhqwv1 Wklv lv frquphg e| fkhfnlqj wkh irxu frqglwlrqv ri rxu frqwudfwlqj vroxwlrq1
Vlqfh wkh rxwfrph pxvw eh  lq hyhu| shulrg xqghu wkh urexvw vroxwlrq/ wkh zrunhu*v
9Lq rxu vhwwlqj/ vkruw dqg orqj0whup frqwudfwv glhu rqo| wr wkh h{whqw wkdw djhqwv fdq hqirufh d wudqvihu
frqglwlrqdo rq rxwfrph G rffxulqj lq wkh qh{w shulrg1 Wr vhh wklv/ frqvlghu wzr frqwudfwlqj hqylurqphqwv=
+d, vkruw0whup/ dv ghvfulehg lq wkh wh{w> dqg +e, orqj0whup/ zlwk d uhfrqwudfwlqj rswlrq lq hdfk shulrg1 Il{
wkh vfrsh ri zkdw fdq eh yhulhg dqg hqirufhg zlwklq d jlyhq shulrg/ dqg dvvxph wkdw wkh djhqwv kdyh
v|pphwulf lqirupdwlrq zkhqhyhu wkh| qhjrwldwh1 Wkhq +d, dqg +e, vxssruw h{dfwo| wkh vdph ehkdylru ryhu
wlph/ li lq vhwwlqj +e, wkh djhqwv fdqqrw frqglwlrq wudqvihuv rq rxwfrph G rffxuulqj lq wkh qh{w shulrg1
Ixuwkhu/ wkh odwwhu uhvwulfwlrq rq vhwwlqj +e, pd| eh lpsolhg e| olplwhg oldelolw|/ lq wkdw wkh ohjdo lqvwlwxwlrq
pljkw qrw hqirufh wudqvihuv frqglwlrqdo rq vhyhudqfh xqohvv wkhuh lv fdxvh iru dzduglqj gdpdjhv1 Lq prvw ri
wkh zrun suhvhqwhg khuh/ rswlrqv iru orqj0whup frqwudfwlqj gr qrw dhfw rxu uhvxowv1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 44




￿ iru shulrgv kdylqj
wkh jrrg vwdwh dqg edg vwdwh/ uhvshfwlyho|1 Qrwh wkdw zh duh dvvxplqj wkh djhqwv vhohfw wkh
vdph frqwudfw lq hdfk shulrg1: Edujdlqlqj lq hdfk shulrg ghwhuplqhv wkh glvfrxqwhg ydoxh
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Wkhvh htxdolwlhv fdswxuh wkh uvw dqg wklug frqglwlrqv ri htxloleulxp1 Wr yhuli| wkh vhfrqg
frqglwlrq/ qrwh wkdw rxwfrph  lv frqvlvwhqw zlwk wkh djhqwv* sulydwh lqfhqwlyhv dw skdvhv 5
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Lqhtxdolwlhv +6, dqg +7, fdq eh vdwlvhg iru hdfk & e| pdnlqj r￿ vx!flhqwo| srvlwlyh dqg r￿
vx!flhqwo| qhjdwlyh/ l1h1 e| lpsrvlqj vx!flhqwo| odujh sxqlvkphqwv iru fkrrvlqj orz hruw1
Vlqfh wkh urexvw vroxwlrq pd{lpl}hv wkh mrlqw ydoxh ri wkh uhodwlrqvkls lq hdfk shulrg +iurp
skdvh 4/ zkhuh qhjrwldwlrq rffxuv,/ wkh irxuwk frqwudfwlqj frqglwlrq dovr krogv1
Eh|rqg wkh uhtxluhphqwv rq r￿ dqg r￿/ wkhuh lv zlgh odwlwxgh iru vhohfwlqj vdodu| dqg
shuirupdqfh sd|phqwv wkdw vdwlvi| +5,/ dqg wkhuh lv hvvhqwldoo| qr glvwlqfwlrq ehwzhhq wkh
wzr nlqgv ri sd|phqw1 Iru h{dpsoh/ frqwudfwv pljkw lqyroyh shuirupdqfh sd|phqwv rqo|/ ru
vdodulhv rqo|> lq wkh odwwhu fdvh/ wkh zrunhu*v lqfhqwlyh wr fkrrvh kljk hruw lv vxssruwhg e| wkh
orvv ri ixwxuh0shulrg vdodu| sd|phqwv/ udwkhu wkdq fxuuhqw0 dqg ixwxuh0shulrg shuirupdqfh
sd|phqwv1
:Wklv lv zlwkrxw orvv ri jhqhudolw|/ jlyhq wkdw hdfk shulrg wkh djhqwv pd{lpl}h wkhlu mrlqw ydoxh ryhu
ihdvleoh htxloleuld1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 45
6151 Vhyhudqfh Sd|phqw Rqo|1 Qrz vxssrvh wkh hqirufhphqw dxwkrulw| fdq hqirufh
sd|phqwv frqglwlrqdo rq vhyhudqfh ri wkh uhodwlrqvkls gxh wr orz hruw/ exw wkh dxwkrulw|
fdqqrw dvfhuwdlq zklfk djhqw*v orz hruw fkrlfh fdxvhg wkh vhsdudwlrq1 Wkdw lv/ wkh dxwkrulw|
fdqqrw glvwlqjxlvk ehwzhhq rxwfrphv  dqg 1 Uhphpehu wkdw wkh djhqwv fdqqrw frqwudfw
rq vhyhudqfh iroorzlqj rxwfrph / vlqfh wklv zrxog rffxu lq wkh qh{w shulrg1 Krzhyhu/ wkh
djhqwv fdq vwloo vshfli| wkh wudqvihu r&
￿ frqwlqjhqw rq  rffxuulqj1 Ixuwkhu/ dw wkh wlph ri
qhjrwldwlrq wkhuh lv qr rxwvwdqglqj frqwudfw vshfli|lqj wudqvihuv lq wkh hyhqw ri rxwfrph (1
Jlyhq wkh olplwdwlrq rq zkdw fdq eh revhuyhg/ wkh frqwudfw fdq vshfli| rqo| d vlqjoh
vhyhudqfh wudqvihu r/z k h u hr￿ ' r￿ ' r1 Ohw xv fkhfn zkhwkhu wkh urexvw vroxwlrq fdq eh
vxssruwhg1 Dgglqj wkh lqfhqwlyh frqglwlrqv +6, dqg +7, jlyhv
5
& n }
-  % n c +8,
zklfk idlov zkhq & ' / jlyhq wkh dvvxpswlrqv lq +4,1 Wkxv/ lq wkh edg surgxfwlylw| vwdwh/
hlwkhu wkh pdqdjhu ru wkh zrunhu zloo kdyh dq lqfhqwlyh wr fkrrvh orz hruw/ qr pdwwhu zkdw
ydoxh ri r lv sursrvhg1 Olplwdwlrqv rq yhuldelolw|/ lq wkh irup ri lqdelolw| wr frqglwlrq
vhyhudqfh wudqvihuv rq wkh uhdvrq iru vhyhudqfh/ lpso| wkdw wkh urexvw vroxwlrq ehfrphv
lqihdvleoh1 Wkh nh| sureohp lv wkdw wkh mrlqw vxusoxv iurp frrshudwlyh ehkdylru/ jlyhq e|
5￿ n }-/ idoov vkruw ri wkh vxp ri wkh djhqwv* uhwxuqv iurp orz hruw/ zklfk duh %6 n 6
dqg %￿ n ￿1
Ghvslwh wkhlu lqdelolw| wr dfklhyh wkh urexvw vroxwlrq/ wkh djhqwv fdq qg d frqwudfw wkdw
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Wkxv/ wkh uvw dqg wklug htxloleulxp frqglwlrqv duh vdwlvhg1 Vlqfh 5Cn}8 :%n/z hf d q
qg d ydoxh rC















dqg fohduo| hdfk djhqw kdv dq lqfhqwlyh wr fkrrvh kljk hruw lq wkh jrrg vwdwh1 Wkxv/
wkh uhodwlrqvkls frqwlqxhv dv orqj dv wkh jrrg vwdwh lv uhdol}hg/ zkloh lq wkh edg vwdwh wkh
uhodwlrqvkls lv vhyhuhg1 Ilqdoo|/ wkh irxuwk htxloleulxp frqglwlrq iroorzv iurp wkh idfw wkdw
5Cn}8 :Kn/ l1h1 wkh iudjloh vroxwlrq lv vxshulru wr lpphgldwh vhyhudqfh/ zkloh wkh urexvw
vroxwlrq lv lqihdvleoh1 Lpsruwdqwo|/ vhyhudqfh lv lqh!flhqw iru wkh djhqwv/ vlqfh 5￿n}- :K n
lpsolhv wkdw wkh djhqwv zrxog suhihu wkh urexvw vroxwlrq li lw frxog eh lpsohphqwhg1 Revhuyh
ixuwkhu wkdw wkhuh lv d odujh udqjh ri sd|phqw surohv wkdw fdq vxssruw wkh iudjloh vroxwlrq=
iru h{dpsoh/ li kljkhu rC
￿ lv vshflhg/ wkhq wkh vhyhudqfh wudqvihu r zloo eh fruuhvsrqglqjo|
lqfuhdvhg wr suhvhuyh +:, dqg +;,/ dqg rC
f zloo eh uhgxfhg wr pdlqwdlq +9,1 Dv lq wkh fdvh ri
ixoo yhuldelolw|/ khuh wkh zrunhu*v wrwdo frpshqvdwlrq/ gulyhq e| uhodwlyh edujdlqlqj srzhuv/
grhv qrw ghwhuplqh wkh h{dfw irup ri frpshqvdwlrq1
Wkh dqdo|vlv lv vlplodu iru wkh fdvh lq zklfk glvdjuhhphqw ru orz hruw lpso| whpsrudu|
od|r dv rssrvhg wr vhyhudqfh1 Iru h{dpsoh/ vxssrvh k￿ ' k6 'f 1 Lq wklv lqvwdqfh/
dvvxpswlrq +4, lv uhsodfhg e| K	5 ￿ 	%	5 C1 Xqghu wkh urexvw vroxwlrq zlwk whpsrudu|
od|rv/ zh kdyh  ' }-> vlqfh +9, frqwlqxhv wr eh qhfhvvdu| iru vdwlvidfwlrq ri wkh lqfhqwlyh
frqvwudlqwv/ lw iroorzv wkdw wkh urexvw vroxwlrq fdqqrw eh lpsohphqwhg dv d frqvhtxhqfh ri
5￿ 	% 1 Ixuwkhu/ lw lv hdv| wr yhuli| wkdw wkh iudjloh vroxwlrq/ zklfk lqyroyhv od|rv lq wkh
edg vwdwh/ fdq eh lpsohphqwhg/ dqg wkh dvvxpswlrq K	5 ￿ lpsolhv wkdw wkh od|rv duh
lqh!flhqw1
6161 Rwkhu Fdvhv1 Olplwhg Oldelolw|1 Djhqwv pd| eh surwhfwhg iurp oldelolw| iru sd|0
phqwv lq wkh hyhqw wkdw wkh uhodwlrqvkls lv vhyhuhg1 Wklv vhuyhv dv d ixuwkhu uhvwulfwlrq rq
wkh fdvh ri vhyhudqfh wudqvihuv rqo|/ zkhuh r￿ ' r￿ 'fl vq r zl p s r v h g 1 L wl vh d v |w rv h h
wkdw wkhuh lv d vroxwlrq wr +9,0+;, vdwlvi|lqj wklv uhvwulfwlrq= rC
￿ lv slqqhg grzq e| +:, dqgFRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 47
+;,/ dqg rC
f lv wkhq fkrvhq wr vdwlvi| +9,1 Lqwhuhvwlqjo|/ d frqwudfw ri wklv irup pd| lqyroyh
erqg0srvwlqj e| wkh zrunhu1 Iru h{dpsoh/ d kljk srvlwlyh ydoxh ri rC
￿ pd| eh vshflhg lq
rughu wr vxvwdlq wkh zrunhu*v lqfhqwlyhv wr fkrrvh kljk hruw/ frpelqhg zlwk d qhjdwlyh ydoxh
ri rC
f wkdw lpsohphqwv wkh edujdlqlqj vroxwlrq1 Khuh wkh zrunhu pdnhv dq xs0iurqw wudqvihu
rC
f / dqg uhfhlyhv uhfrpshqvh rC
￿ rqo| lq wkh hyhqw wkdw kljk hruw lv uhdol}hg1 Wr wkh h{whqw
wkdw rC
￿ lv {hg e| +:, dqg +;,/ kljkhu ydoxhv ri Z6 fruuhvsrqg wr odujhu erqglqj phdvxuhv1
Qrqfrqwudfwleoh Zrunhu Hruw1 Wkh dfwlrqv ri vrph djhqwv pd| eh xqrevhuydeoh wr
wkh hqirufhphqw dxwkrulw|/ hyhq dv wudqvihuv fdq eh frqglwlrqhg rq wkh ehkdylru ri rwkhu
djhqwv1 Frqvlghu wkh fdvh lq zklfk wkh zrunhu*v hruw lv qrqfrqwudfwleoh lq wklv vhqvh1 Wkxv/
wkh dxwkrulw| fdqqrw glvwlqjxlvk ehwzhhq rxwfrphv  dqg / dowkrxjk  lv vwloo vhsdudwho|
revhuydeoh1; Lq frqwudvw wr wkh fdvh ri vhyhudqfh sd|phqwv rqo|/ lw lv srvvleoh wr lpsohphqw
wkh urexvw vroxwlrq lq wklv hqylurqphqw1 Iluvw/ wkh pdqdjhu*v lqfhqwlyh frqvwudlqw +6, fdq eh
vdwlvhg e| fkrrvlqj vx!flhqwo| odujh r￿1V l q f hr￿ ' r&






Revhuyh wkdw fxuuhqw0shulrg fkrlfhv ri r&
f dqg r&
￿ fdqqrw dhfw zkhwkhu +<, lv vdwlvhg1 Lw
iroorzv wkdw wkh urexvw rxwfrph lv vxvwdlqdeoh li dqg rqo| li +<, krogv dw ydoxhv ri wkh wudqvihu
sd|phqwv wkdw vroyh +5,/ zklfk zloo whqg wr rffxu zkhq Z￿ lv odujh ru zkhq %￿ lv vpdoo1 Wkxv/
wkurxjk wkhlu hhfw rq wkh zrunhu*v h{shfwhg ixwxuh frpshqvdwlrq/ edujdlqlqj zhljkwv kdyh
dq lpsdfw rq lqfhqwlyhv/ dowkrxjk wkh| kdyh qr lpsolfdwlrqv iru wkh irup ri frpshqvdwlrq
+vdodu| yhuvxv shuirupdqfh sd|,1
Qrqyhuldelolw|1 Ilqdoo|/ frqvlghu wkh fdvh lq zklfk wkh hqirufhphqw dxwkrulw| fdqqrw
glvwlqjxlvk ehwzhhq dq| ri wkh rxwfrphv /  dqg 1 Wkxv/ wkhuh lv d vlqjoh wudqvihu
sd|phqw r& wkdw lv hqirufhg xqghu doo wkuhh rxwfrphv1 Qrwh uvw wkdw wkh urexvw vroxwlrq
;Lw lv lpsolflw lq wklv dvvxpswlrq wkdw wkh dxwkrulw| fdqqrw whoo zkhwkhu vhyhudqfh lv wkh uhvxow ri zrunhu
orz hruw lq wkh fxuuhqw shulrg ru idloxuh wr uhdfk djuhhphqw lq wkh iroorzlqj shulrg/ l1h1 wkh fxuuhqw0shulrg
frqwudfw grhv qrw h{whqg wr fryhu vhsdudwlrqv wkdw rffxu dv d uhvxow ri wkh zrunhu*v orz hruw1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 48
fdqqrw eh hqirufhg lq wklv fdvh/ dv dgglqj +6, dqg +7, iru & '  lpsolhv ylrodwlrq ri wkh
dvvxpswlrq 5￿ n }- 	%n 1 Qh{w/ wkh iudjloh vroxwlrq fdq eh hqirufhg li wkh iroorzlqj











Dv lq wkh suhylrxv fdvh/ wkh djhqwv* uhodwlyh edujdlqlqj zhljkwv lq xhqfh zkhwkhu frrshudwlrq
fdq eh vxvwdlqhg1 Qrwh wkdw wkhvh frqglwlrqv duh xqdowhuhg li lw lv lqvwhdg dvvxphg wkdw wkh
hqirufhphqw dxwkrulw| fdqqrw hqirufh dq| wudqvihuv dw doo/ vlqfh doo qhhghg wudqvihuv fdq eh
pdgh xvlqj wkh xs0iurqw sd|phqw rC
f 1
6171 Vxppdu|1 Revhuydelolw| ri dfwlrqv zlwklq wkh uhodwlrqvkls e| h{whuqdo dxwkrulwlhv
sod|v d nh| uroh lq ghwhuplqlqj krz vxffhvvixo djhqwv fdq eh lq vroylqj wkhlu frqwudfwlqj
sureohpv1 Ixoo yhuldelolw| lpsolhv wkdw wkh frpsohwh udqjh ri qhfhvvdu| wudqvihu sd|phqwv
fdq eh hqirufhg/ doorzlqj wkh prvw h!flhqw vroxwlrq wr eh lpsohphqwhg1 Lq frqwudvw/ qrqyhu0
ldelolw| uxohv rxw h!flhqf|/ dqg hyhq wkh iudjloh vroxwlrq ehfrphv xqhqirufhdeoh iru d udqjh
ri sdudphwhu ydoxhv1 Ehwzhhq wkhvh wzr h{wuhphv/ ydulrxv srvvlelolwlhv dulvh= zkhq vhyhu0
dqfh sd|phqwv fdqqrw eh frqglwlrqhg rq wkh uhdvrq iru vhyhudqfh/ rqo| wkh iudjloh vroxwlrq
lv lpsohphqwdeoh> zkhuhdv zkhq zrunhu hruw lv qrqfrqwudfwleoh/ wkh edujdlqlqj rxwfrph
ghwhuplqhv wkh vroxwlrq/ dqg wkhuh zloo eh qr surgxfwlrq lq dq| vwdwh zkhq wkh zrunhu*v
edujdlqlqj srzhu lv vx!flhqwo| vpdoo1 Ilqdoo|/ h{fhsw lq wkh fdvh ri olplwhg oldelolw|/ wkh
vsolw ri wkh zrunhu*v frpshqvdwlrq ehwzhhq vdodu| dqg shuirupdqfh sd|phqwv sod|v qr uroh
lq lpsohphqwlqj wkh ydulrxv vroxwlrqv1
71 Hiilflhqf| Zdjhv
7141 H!flhqf| Zdjhv dqg Frqwudfw Qhjrwldwlrq1 Wkh olwhudwxuh rq prudo kd}dug lq
oderu uhodwlrqvklsv kdv sodfhg juhdw hpskdvlv rq vroylqj zrunhu lqfhqwlyh sureohpv wkurxjk
wkh sd|phqw ri h!flhqf| zdjhv1 Ixqgdphqwdo wr wkh lghd ri dq h!flhqf| zdjh lv wkdwFRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 49
prwlydwlqj wkh zrunhu wr fkrrvh kljk hruw sodfhv d elqglqj frqvwudlqw rq zdjh vhwwlqj/
vr wkdw zdjhv fdqqrw eh fxw zlwkrxw lqgxflqj orz hruw1 Lq rwkhu zrugv/ zkhq wkh up
dqg zrunhu qhjrwldwh ryhu zdjhv lq d shulrg/ wkh| frqiurqw d wudgh0r ehwzhhq wkh zrunhu*v
frpshqvdwlrq dqg hruw lqfhqwlyhv1 Lq wklv vhfwlrq zh vkrz/ krzhyhu/ wkdw vxfk d wudgh0
r qhyhu dulvhv lq wkh frqwudfwlqj vhwwlqj frqvlghuhg wkxv idu1 Wkxv/ wkhuh lv qr vfrsh iru
h!flhqf| zdjh hhfwv lq frqwudfwlqj prghov ri wklv irup1<
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Revhuyh wkdw/ lq dgglwlrq wr wkh sdudphwhuv 5&/ %6/ %￿/ 6/d q g￿/ zklfk duh {hg iurp wkh
shuvshfwlyh ri wkh pdqdjhu dqg zrunhu/ wkhvh frqvwudlqwv ghshqg rq wkuhh vhwv ri sdudphwhuv1
Iluvw/ wkhuh lv wkh mrlqw frqwlqxdwlrq ydoxh }￿/ zklfk lv pd{lpl}hg zkhq wkh djhqwv vhohfw wkh
ehvw htxloleulxp +hlwkhu urexvw/ iudjloh/ ru lpphgldwh vhyhudqfh,1 Vlqfh kljkhu ydoxhv ri }￿
uhod{ wkh lqfhqwlyh frqvwudlqwv/ wkhuh lv qr wudgh0r ehwzhhq frpshqvdwlrq dqg lqfhqwlyhv dw
wkh ohyho ri htxloleulxp vhohfwlrq1 Vhfrqg/ wkh frqvwudlqwv lqyroyh wkh pdqdjhu dqg zrunhu*v
vkduhv ri wkh frqwlqxdwlrq ydoxh/ ghvfulehg e| }￿  }￿￿ dqg }￿￿1J l y h q}￿/ wkhvh ydoxhv duh
wlhg grzq e| qhjrwldwlrq lq ixwxuh shulrgv/ zklfk lq wxuq lv ixoo| ghwhuplqhg e| edujdlqlqj
zhljkwv dqg wkh {hg glvdjuhhphqw srlqw (1 Lq rwkhu zrugv/ iurp wkh djhqwv* shuvshfwlyh
dw wkh qhjrwldwlrq skdvh lq dq| jlyhq shulrg/ wkh| kdyh qr frqwuro ryhu frqwlqxdwlrq ydoxhv
lq d zd| wkdw irufhv wkhp wr dgguhvv d wudgh0r ehwzhhq frpshqvdwlrq dqg lqfhqwlyhv1
<Wkh whup h!flhqf| zdjhv lv dovr xvhg lq frqqhfwlrq zlwk wkh lghd wkdw lqfhqwlyh sureohpv ohdg wr lqyro0
xqwdu| xqhpsor|phqw1 Uhjdugohvv ri lqfhqwlyh sureohpv/ krzhyhu/ hpsor|hg zrunhuv iduh ehwwhu wkdq xqhp0
sor|hg zrunhuv zkhqhyhu hpsor|phqw uhodwlrqvklsv hqwdlo txdvluhqwv +dv zkhq pdwfklqj lv frvwo|2iulfwlrqdo,
dqg zrunhuv kdyh vrph edujdlqlqj srzhu1 Ixuwkhu/ dv dujxhg e| Fduplfkdho +4<;8,/ lqyroxqwdu| xqhpsor|0
phqw lv qrw d qhfhvvdu| frqvhtxhqfh ri lqfhqwlyh sureohpv1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 4:
Wkh wklug vhw ri sdudphwhuv frpsulvh wkh frqwudfwhg wudqvihuv r￿/ r￿/d q gr&
￿1 Wkhvh duh
gluhfwo| frqwuroohg e| wkh zrunhu dqg up lq wkh fxuuhqw shulrg1 Qrwh/ krzhyhu/ wkdw wkh
xs0iurqw wudqvihu r&
f grhv qrw dsshdu lq wkh lqfhqwlyh frqvwudlqwv1 Dv d iuhh sdudphwhu/ r&
f fdq
eh vhw wr hhfw dq| glylvlrq ri wkh uhodwlrqvkls*v ydoxh ehwzhhq wkh up dqg zrunhu/ zlwk
qr lpsolfdwlrqv iru wkh surylvlrq ri lqfhqwlyhv lq wkh fxuuhqw shulrg143 Dv d uhvxow/ gxulqj
frqwudfw qhjrwldwlrq/ wkhuh lv devroxwho| qr wudgh0r ehwzhhq frpshqvdwlqj wkh zrunhu dqg
lqgxflqj kljk hruw/ dqg vr wkhuh lv qr sd|phqw ri h!flhqf| zdjhv144
7151 Zrunhu Oltxlglw| Frqvwudlqwv1 H!flhqf| zdjh hhfwv hphujh li wkh zrunhu lv
xqdeoh wr pdnh sd|phqwv wr wkh pdqdjhu/ gxh wr lqvx!flhqw zrunhu oltxlglw|1 D zrunhu
oltxlglw| frqvwudlqw fdq eh lqwurgxfhg lqwr wkh prgho e| uhtxlulqj wkdw doo wudqvihu sd|0
phqwv eh qrqqhjdwlyh1 Ohw xv frqvlghu wkh lpsolfdwlrqv ri wklv frqvwudlqw lq wkh fdvh ri ixoo







zkhuh }￿- lv ghwhuplqhg e| +5,1 Frqglwlrq +45, lv pdgh dv vodfn dv srvvleoh e| vhwwlqj
wkh vdodulhv r&
f htxdo wr }hur/ dqg frpshqvdwlqj wkh zrunhu frpsohwho| wkurxjk shuirupdqfh
sd|phqwv1 Li +45, vwloo grhv qrw krog/ wkhq r&
￿ pxvw eh udlvhg deryh wkh ydoxh ghwhuplqhg
e| +5, lq rughu wr lqgxfh kljk hruw/ vr wkdw +45, ehfrphv elqglqj lq r&
￿1L q w k l v f d v h / d
wudgh0r ehwzhhq frpshqvdwlrq dqg lqfhqwlyhv lv fohduo| suhvhqw/ dqg zh fdq vd| wkdw dq
h!flhqf| zdjh lv sdlg lq vwdwh &1
43Qrwh wkdw rqo| lq wkh fdvh ri qrqyhuldelolw| lv wkh ydoxh vn
3 frqvwudlqhg wr htxdo rqh ri wkh rwkhu
frqwudfwhg wudqvihuv1 Krzhyhu/ lq wklv fdvh wkh h{whuqdoo|0hqirufhg wudqvihuv glvdsshdu iurp wkh lqfhqwlyh
frqvwudlqwv dowrjhwkhu1
44Wklv lv qrw wr vd| wkdw lqfhqwlyh frqvwudlqwv duh xqlpsruwdqw1 Wkh pdlq srlqw lv wkdw frqvlghudwlrq
ri lqfhqwlyhv lq hpsor|phqw uhodwlrqvklsv vkrxog fhqwhu rq wkh vdwlvidfwlrq ri lqfhqwlyh frqvwudlqwv jlyhq
wkh frqwudfwlqj dqg pdwfklqj hqylurqphqw/ zklfk pd| ru pd| qrw jhqhudwh skhqrphqd vxfk dv h!flhqf|
zdjhv1 Lpsruwdqwo|/ wkh frqwudfwlqj hqylurqphqw lv ghvfulehg e| edujdlqlqj srzhuv/ zkhwkhu qhjrwldwlrq lv
uhfxuuhqw/ dqg wkh h{whqw ri yhuldelolw|1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 4;
Dv rqh srvvlelolw|/ vxssrvh wkdw +5, zlwk r&










Khuh wkh djhqwv pxvw djuhh wr d kljkhu ydoxh ri r￿
￿ zkhq wkh edg vwdwh lv uhdol}hg/ lq rughu wr
lqgxfh wkh zrunhu wr fkrrvh kljk hruw1 Fruuhvsrqglqjo|/ rC
￿ zloo eh fkrvhq dw d orzhu ydoxh
lq rughu wr pdlqwdlq +5, lq wkh jrrg vwdwh1 Lw pd| eh wkdw rC
￿ pxvw eh orzhuhg vr pxfk wkdw
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dqg lw iroorzv wkdw wkh zrunhu uhfhlyhv dq h!flhqf| zdjh lq wkh edg vwdwh1 Revhuyh wkdw
wkh zrunhu rewdlqv d ydoxh vwulfwo| lq h{fhvv ri klv rxwvlgh rswlrq hyhq zkhq Z￿ 'f >l qw k l v
fdvh/ frpshqvdwlrq lv htxdo lq erwk vwdwhv/ dqg h!flhqf| zdjhv duh sdlg lq erwk vwdwhv1 Zh
frqfoxgh wkdw h!flhqf| zdjhv pd| hphujh zkhq zrunhu oltxlglw| frqvwudlqwv uxoh rxw wkh
xvh ri gluhfw shqdowlhv ru zrunhu erqglqj wr hqirufh kljk hruw1
Lw vkrxog eh qrwhg wkdw wkh pdqdjhu pxvw jlyh xs vrph ri klv edujdlqlqj vxusoxv zkhq
h!flhqf| zdjhv duh qhhghg/ zklfk pd| ohdg wr glvdjuhhphqw dqg lqh!flhqw vhyhudqfh ghvslwh
wkh h{lvwhqfh ri ixoo yhuldelolw|1 Zkhqhyhu +45, lv elqglqj/ wkh pdqdjhu rewdlqv d sd|r ri
5&n}-%￿￿/ zklfk fdq olh ehorz klv rxwvlgh rswlrq ydoxh K6n6 hyhq zkhq djuhhphqw
lv uhdfkdeoh lq wkh devhqfh ri oltxlglw| frqvwudlqwv1 D vlplodu dqdo|vlv pd| eh fduulhg rxw
iru wkh rwkhu frqwudfwlqj hqylurqphqwv/ zkhuh survshfwv iru rewdlqlqj surgxfwlyh vroxwlrqv
duh dovr uhgxfhg e| wkh dgglwlrq ri d zrunhu oltxlglw| frqvwudlqw1
7161 Uhodwlrq wr Rwkhu Prghov1 Lq wklv vhfwlrq/ zh frqvlghu krz wkh h!flhqf| zdjh
lvvxh lv wuhdwhg lq d ihz ri wkh vwdqgdug prghov ri g|qdplf oderu frqwudfwlqj irxqg lq wkh
olwhudwxuh1 Wkh prgho ri Vkdslur dqg Vwljolw} +4<;7, fdq eh ylhzhg dv surgxflqj d wudgh0r
ehwzhhq zrunhu frpshqvdwlrq dqg lqfhqwlyhv e| frqvwudlqlqj wkh nlqgv ri frqwudfwv wkdw
upv pd| rhu wr zrunhuv1 Lq hvvhqfh/ upv duh uhtxluhg wr rhu d vlqjoh vwdwlrqdu| zdjh1
Ryhu pxowlsoh glvfuhwh shulrgv/ upv duh frpplwwhg wr wkh vdph wudqvihu lq hdfk shulrg/FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 4<
frqglwlrqdo rq qr vklunlqj ehlqj glvfryhuhg1 Lq idfw/ upv zrxog suhihu wr rhu d orz zdjh
lq wkh fxuuhqw shulrg/ zlwk rqo| wkh surplvh ri kljkhu zdjhv odwhu145
PdfOhrg dqg Pdofrpvrq*v +4<;</4<<6/4<<;, wkhru| lv ghvljqhg wr uhfwli| vxfk lqfrqvlv0
whqflhv e| h{solflwo| prgholqj wkh frqwudfwlqj surfhvv1 Wkh| surylgh d pruh uljrurxv irxq0
gdwlrq iru wkh nlqgv ri pdunhw skhqrphqd ri lqwhuhvw wr wkh hduo| h!flhqf| zdjh olwhudwxuh/
vxfk dv lqyroxqwdu| xqhpsor|phqw1 E| w|lqj suhydlolqj oderu frqwudfwv wr d vrfldo qrup/
krzhyhu/ wkhlu prgho grhv qrw lqfrusrudwh wudgh0rv ehwzhhq frpshqvdwlrq dqg lqfhqwlyhv
dw wkh ohyho ri lqglylgxdo hpsor|phqw uhodwlrqvklsv1 Udwkhu/ frpshqvdwlrq dqg lqfhqwlyhv
duh wrjhwkhu wudghg r djdlqvw vrfldo vdqfwlrqv146
Lq Udph| dqg Zdwvrq +4<<:d,/ up2zrunhu sdluv ghwhuplqh orqj0whup frqwudfwv wkurxjk
gluhfw elodwhudo qhjrwldwlrq/ dqg wkh| duh qrw lq xhqfhg e| vrfldo qrupv1 Olnh wkh prgho
suhvhqwhg khuh/ krzhyhu/ wkhuh lv qr whqvlrq ehwzhhq frpshqvdwlrq dqg lqfhqwlyhv/ vr h!0
flhqf| zdjhv duh qrw dw lvvxh1 Wkurxjk wkh xvh ri dq xs0iurqw wudqvihu/ d up dqg zrunhu
fdq pdqdjh dq| vsolw ri wkh uhodwlrqvkls*v ydoxh/ zkloh lpsohphqwlqj wkh ehvw rxwfrph wkdw
yhuldelolw| zloo doorz1 Wkh suhvhqw prgho wdnhv wkh frqwudfwlqj iudphzrun d vwhs ixuwkhu e|
lqfrusrudwlqj wkh qhjrwldwlrq skdvh lq hdfk shulrg ri lqwhudfwlrq/ zklfk lpsolhv wkdw rqjrlqj
vxusoxv glylvlrq lv prghudwhg e| edujdlqlqj zhljkwv147
45Uhvroylqj wklv lvvxh uhtxluhv d pruh frpsohwh prgho ri frqwudfw ghwhuplqdwlrq/ dv Fduplfkdho*v +4<;8,
fulwltxh ri wkh Vkdslur0Vwljolw} +4<;7, prgho lqglfdwhv1
46Lq PdfOhrg dqg Pdofrpvrq +4<<;,/ li d up rhuv dq| frqwudfw qrw lq dffrug zlwk wkh qrup/ lw lv
eudqghg dv d ghyldqw/ dqg zrunhuv dw wklv up vklun iruhyhu diwhu1 Lq PdfOhrg dqg Pdofrpvrq +4<;<,/ wkh
vrfldo frruglqdwlrq uroh lv prghoohg pruh devwudfwo| lq whupv ri suhydlolqj htxloleulxp eholhiv1 Lqflghqwdoo|/
vlqfh d pdwfkhg up dqg zrunhu gr qrw kdyh gluhfw frqwuro ryhu wkhlu mrlqw sodq ri ehkdylru lq wkh wkhru| ri
PdfOhrg dqg Pdofrpvrq/ wrwdo lqdfwlrq fdq eh vxssruwhg dv dq htxloleulxp1
47Udph| dqg Zdwvrq +4<<:d, dovr lqfrusrudwhv zkdw rqh pljkw fdoo dq h!flhqf| lqyhvwphqw= vlqfh wkh
up pdnhv d qrq0frqwudfwleoh lqyhvwphqw wkdw dhfwv lqfhqwlyhv dqg ydoxh/ lw idfhv d gluhfw wudgh0r ehwzhhq
frpshqvdwlqj wkh zrunhu +e| udlvlqj ru orzhulqj wkh ydoxh ri wkh uhodwlrqvkls, dqg vdwlvi|lqj lqfhqwlyh
frqvwudlqwv1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 53
81 Pdunhw Rxwfrphv
Zh qrz ghvfuleh krz hpsor|phqw uhodwlrqvklsv duh iruphg lq vwhdg|0vwdwh pdwfklqj htxl0
oleuld1 Dvvxph wkdw wkh oderu pdunhw frqwdlqv d xqlw pdvv ri zrunhuv/ hdfk ri zkrp ehjlqv
d shulrg hlwkhu pdwfkhg zlwk d pdqdjhu lq dq hpsor|phqw uhodwlrqvkls/ ru hovh lq d srro
ri xqpdwfkhg zrunhuv vhhnlqj wr orfdwh d pdqdjhu1 Lq dgglwlrq/ wkhuh lv d odujh qxpehu ri
srwhqwldo pdqdjhuv1 Dw wkh ehjlqqlqj ri hdfk shulrg/ xqpdwfkhg pdqdjhuv fdq hohfw wr srvw
ydfdqflhv dw d frvw ri S:f1 Iru vlpsolflw|/ zh dvvxph wkdw xqpdwfkhg zrunhuv ehdu qr
vhdufk frvwv1 Wkh  rz ri qhz pdwfkhv lq d shulrg lv jlyhq e| d vwdqgdug pdwfklqj ixqf0
wlrq 6ELcT /z k h u hL lqglfdwhv wkh pdvv ri xqpdwfkhg zrunhuv/ dqg T jlyhv wkh pdvv ri
pdqdjhuv zkr srvw ydfdqflhv1
Wkh pdwfklqj surfhvv lv dvvxphg wr wdnh sodfh lq skdvh c d ww k hv d p hw l p hd vs u r g x f 0
wlrq rffxuv lq dfwlyh uhodwlrqvklsv1 Wkxv/ zrunhuv zkrvh uhodwlrqvklsv duh vhyhuhg lq skdvhv
(/  ru  fdq hqwhu wkh fxuuhqw0shulrg pdwfklqj srro1 Ixuwkhu/ wr hqvxuh wkdw wkh srro
ri xqhpsor|hg zrunhuv grhv qrw ehfrph hpsw|/ zh dvvxph wkdw zlwk suredelolw| 4% uhod0
wlrqvklsv duh vhyhuhg iru h{rjhqrxv uhdvrqv1 H{rjhqrxv vhsdudwlrqv rffxu lq skdvh /d q g
zrunhuv zkr h{shulhqfh wkhvh vhsdudwlrqv fdq dovr hqwhu wkh fxuuhqw0shulrg pdwfklqj srro1
Zh frqvlghu wzr w|shv ri vwhdg|0vwdwh htxloleuld ri wkh prgho/ glvwlqjxlvkhg e| zkhwkhu
frqwudfwlqj vroxwlrqv zlwklq uhodwlrqvklsv duh urexvw ru iudjloh1 Iru urexvw dqg iudjloh htxl0
oleuld/ uhvshfwlyho|/ wkh glvfrxqwhg ixwxuh ydoxhv ri uhodwlrqvklsv duh ghwhuplqhg e|=
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pdqdjhuv lqwr wkh ydfdqf| srro/ wkh ydoxh ri pdqdjhuv* rxwvlgh rswlrq lv }hur/ dqg zh kdyh
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Ilqdoo|/ wkh qxpehu ri hpsor|hg zrunhuv dqg wkh vl}h ri wkh xqhpsor|phqw srro duh jlyhq
e|=
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Revhuyh wkdw wkh odwwhu wzr htxdwlrqv frqirup wr wkh dvvxpswlrq wkdw zrunhuv zkrvh uhod0
wlrqvklsv duh vhyhuhg hqwhu wkh xqhpsor|phqw srro lq wkh fxuuhqw shulrg1
Zh prgho f|folfdo vkrfnv dv fkdqjhv lq 4/ kroglqj rwkhu sdudphwhuv {hg/ dqg uhvsrqvhv
wr wkh vkrfnv duh ghwhuplqhg e| vwhdg|0vwdwh htxloleuld1 Wkxv/ rxu dqdo|vlv irfxvhv rq kljko|
shuvlvwhqw surgxfwlylw| vkrfnv1 Iljxuh 5 vkrzv uhvxowv iru irxu frqwudfwlqj hqylurqphqwv
xqghu d sduwlfxodu sdudphwhul}dwlrq ri wkh prgho1 Htxloleulxp hpsor|phqw dqg dyhudjh
zdjhv xqghu wkh irxu fdvhv duh wudfhg rxw dv 4 ulvhv iurp }hur/ dw wkh xsshu uljkw0kdqg
fruqhu ri doo irxu fxuyhv/ wr ffe1 Iru frpsdulvrq/ wkh ydoxhv dw 4 'f f2 duh lqglfdwhg e|
grwv148
Frqvlghu uvw wkh fdvh ri ixoo yhuldelolw|/ lq zklfk zrunhuv dqg pdqdjhuv duh deoh wr
zulwh urexvw frqwudfwv1 Wkh uljkw0prvw fxuyh lq Iljxuh 5 ghslfwv hpsor|phqw dqg dyhudjh
zdjhv iru wklv fdvh1 D surgxfwlylw| vkrfn wdnlqj wkh irup ri dq lqfuhdvh lq 4 vkliwv wkh
rxwfrph grzq wkh fxuyh/ vr wkdw hpsor|phqw dqg zdjhv erwk idoo1 Vlqfh uhodwlrqvklsv duh
urexvw/ wkh ulvh lq 4 kdv qr hhfw rq wkh euhdnxs suredelolw|1 Hpsor|phqw lv orzhu rqo|
ehfdxvh pdqdjhuv duh ohvv zloolqj wr srvw ydfdqflhv/ jlyhq wkdw dyhudjh surgxfwlylw| lv orzhu1
Wkh uhgxfwlrq lq zdjhv dovr uh hfwv orzhu dyhudjh surgxfwlylw|/ dv zhoo dv d uhgxfhg ydoxh
ri wkh zrunhu pdwfklqj suredelolw|1
48Sdudphwhu ydoxhv duh }J @4 / }E @3 =8/ {z @4 =58/ {p @4 =78/ ez @ ep @3 =5/  @3 =<9/ p+X>Y ,@
3=58X3=8Y 3=8/ f @3 =48:/d q g{ @3 =3:1Z hd o v rk d y hz @3 =8> h{fhsw iru rqh fdvh zkhuh zh vhw 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Qh{w/ wkh fdvh ri ixoo yhuldelolw| zlwk zrunhu oltxlglw| frqvwudlqwv/ dv glvfxvvhg lq Vhfwlrq
715/ lv frqvlghuhg iru wzr ydoxhv ri wkh zrunhu pdwfklqj suredelolw|1 Iru Z￿ ' *2/ htxloleuld
duh urexvw/ dqg wkh zrunhu oltxlglw| frqvwudlqw elqgv lq wkh edg surgxfwlylw| vwdwh> wkxv/
h!flhqf| zdjhv duh sdlg rqo| lq wkh edg vwdwh1 Lq wklv fdvh/ zdjhv dgmxvw d olwwoh ohvv uhodwlyh
wr hpsor|phqw/ zkhq frpsduhg wr wkh ixoo yhuldelolw| fdvh/ exw wkh hhfw lv voljkw1 Vhwwlqj
Z￿ 'f|lhogv urexvw htxloleuld zlwk h!flhqf| zdjhv sdlg lq erwk vwdwhv/ dqg uhodwlyh zdjh
dgmxvwphqw ghfolqhv d elw pruh149 Lq wkhvh fdvhv/ zrunhu oltxlglw| frqvwudlqwv uhvwulfw wkh
ghfolqh lq zdjhv dv 4 ulvhv/ dqg wkh gdpshqlqj hhfw rq zdjh dgmxvwphqw lv pruh surqrxqfhg
dv wkh oltxlglw| frqvwudlqw elqgv lq d odujhu qxpehu ri vwdwhv1
Ilqdoo|/ wkh fdvh ri vhyhudqfh sd|phqwv rqo|/ ghvfulehg lq Vhfwlrq 615/ lv vkrzq dv wkh ohiw0
prvw fxuyh1 Htxloleuld duh iudjloh lq wklv fdvh> lq sduwlfxodu/ +4, krogv dw wkh ydoxh  ' 81
Dv 4 ulvhv/ hpsor|phqw uhgxfwlrqv ehfrph pxfk vkdushu gxh wr wkh lqfuhdvh lq wkh suredelolw|
ri vhyhudqfh1 Dyhudjh surgxfwlylw| lv dovr uhgxfhg uhodwlyh wr wkh hduolhu fdvhv/ vlqfh rxwsxw
lq edg vwdwhv lv }hur/ udwkhu wkdq 5￿1 Wkh odwwhu hhfw dovr whqgv wr uhgxfh hpsor|phqw/ e|
ghsuhvvlqj ydfdqflhv/ dqg lw fdxvhv zdjh uhgxfwlrqv wr eh pxfk juhdwhu1 Wkxv/ wkh kljkhu
euhdnxs suredelolwlhv ohdg vkrfnv wr eh vljqlfdqwo| pdjqlhg zkhq frqwudfwv duh uhvwulfwhg
wr vhyhudqfh sd|phqwv rqo|1 Revhuyh ixuwkhu wkdw uhodwlyh zdjh dgmxvwphqw lv vxevwdqwldoo|
ohvv zkhq frpsduhg wr wkh rwkhu fdvhv/ dv wkh kljkhu suredelolw| ri euhdnxsv vhuyhv wr vkliw
wkh furvv0vhfwlrqdo glvwulexwlrq ri zdjhv wrzdug uhodwlyho| kljk0surgxfwlylw| uhodwlrqvklsv1
Ryhudoo/ wklv h{dpsoh ghprqvwudwhv wkdw h!flhqf| zdjh hhfwv fdq gdpshq zdjh dgmxvw0
phqwv/ dv sdvw dxwkruv kdyh vxjjhvwhg/ exw wkh vfrsh iru h!flhqf| zdjhv dv d phfkdqlvp
iru sursdjdwlqj vkrfnv lv olplwhg1 Iudjlolw| hhfwv ghulylqj iurp olplwhg yhuldelolw|/ rq wkh
rwkhu kdqg/ fdq surgxfh odujh pdjqlfdwlrq ri vkrfnv/ dqg fkdqjhv lq wkh frpsrvlwlrq ri
mrev jhqhudwhv wr vljqlfdqwo| pruh gdpshqlqj lq wkh dgmxvwphqw ri zdjhv1
49Zh kdyh uhqrupdol}hg wkh z @3hfrqrp| wr htxdwh hpsor|phqw dqg zdjhv dw  @3xqghu wkh ydulrxv
fdvhv1FRQWUDFW0WKHRUHWLF DSSURDFKHV WR ZDJHV DQG GLVSODFHPHQW 56
91 Frqfoxvlrq
Rq wkh edvlv ri wkh suhfhglqj uhvxowv/ zh rhu wkuhh eurdg frqfoxvlrqv1 Iluvw/ wkh sduwlfxodu
irup ri lpshuihfwlrqv wkdw duh suhvhqw lq wkh frqwudfwlqj hqylurqphqw fdq kdyh pdmru lp0
solfdwlrqv iru hfrqrplf rxwfrphv1 Lq prylqj iurp olplwhg oltxlglw| wr olplwhg yhuldelolw|/
iru h{dpsoh/ wkh lpsolfdwlrqv iru lpsruwdqw yduldeohv vxfk dv hpsor|phqw/ zdjhv dqg mre
glvsodfhphqw suredelolwlhv fdq eh udglfdoo| dowhuhg1 Uhgxfhg irup dqdo|vlv ri frqwudfwlqj
lpshuihfwlrqv wkdw kdyh ehhq suhydohqw lq pxfk sdvw pdfurhfrqrplf olwhudwxuh pd| klgh wrr
pxfk ri wkh nh| xqghuo|lqj vwuxfwxuh1 Frqwudfwxdo rxwfrphv ghshqg rq wkh zd| upv dqg
zrunhuv phhw dqg qhjrwldwh/ zklfk ghpdqgv d qhz wkhruhwlfdo shuvshfwlyh dqg uhirupxodwlrq
ri frqyhqwlrqdo qrwlrqv/ vxfk dv wkh lghd ri h!flhqf| zdjhv1
Vhfrqg/ hfrqrplf hhfwv ghulylqj iurp vhyhudqfh ri hpsor|phqw uhodwlrqvklsv zduudqw
yhu| forvh dwwhqwlrq dv h{sodqdwlrqv iru revhuyhg skhqrphqd/ lqfoxglqj wkh rffxuuhqfh ri
odujh f|folfdo  xfwxdwlrqv lq hpsor|phqw/ dqg wkh uhodwlyho| gdpshqhg fkdudfwhu ri zdjh
dgmxvwphqwv1 Eurdg f|folfdo vzlqjv lq mre ghvwuxfwlrq udwhv kdyh ehhq grfxphqwhg e| Gdylv/
Kdowlzdqjhu dqg Vfkxk +4<<9,/ zkr dovr kljkoljkw wkh odujh qxpehu ri pdfurhfrqrplf txhv0
wlrqv wkdw pd| eh olqnhg wr mre fuhdwlrq dqg ghvwuxfwlrq1 Iurp wkh txdqwlwdwlyh vwdqgsrlqw/
Ghq Kddq/ Udph| dqg Zdwvrq +4<<:, vkrz wkdw revhuyhg  xfwxdwlrqv lq mre ghvwuxfwlrq
udwhv fdq vhuyh dv dq lpsruwdqw phfkdqlvp iru sursdjdwlqj exvlqhvv f|foh vkrfnv1 Wkh khdy|
irfxv ri pxfk sdvw zrun rq zdjh0vhwwlqj zlwklq d jlyhq vhw ri hpsor|phqw frqwudfwv pd|
eh plvsodfhg1
Wklug/ lqwhudfwlrqv ehwzhhq fdslwdo pdunhw lpshuihfwlrqv dqg lpshuihfwlrqv lq oderu frq0
wudfwlqj fdq |lhog lqwhuhvwlqj qhz lpsolfdwlrqv1 Lq wklv sdshu zh kdyh olqnhg wkh rffxuuhqfh
ri h!flhqf| zdjhv zlwk zrunhu oltxlglw| frqvwudlqwv1 Pruh eurdgo|/ wkh delolw| wr vroyh frq0
wudfwlqj sureohpv lv forvho| wlhg wr fdslwdo0pdunhw wudglqj/ dqg wkhvh wlhv pd| suryh wr eh
ri fhqwudo lpsruwdqfh lq dffrxqwlqj iru pdfurhfrqrplf skhqrphqd1
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